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E AVAILABILITY OF PHOSPHORIC ACID I N  
R O C K  PHOSPHATE. 
Phosphate rock contains phosphoric acid as tri-calcium phosphate. 
r 1 Ilie phosphoric acid is taken ul> very slowly b r  plants, and generally, 
before being used as a fertilizer, phosphate rock is treated with sul- 
phuric acid for t l ~ e  purpose of rendering the phosphoric acid more 
available; that is to say, more easily taken up by plants. The result- 
ing product is known as acid phosphate. 
RELATZQN TO SOIL CHEMISTRY. 
It was pointed o u t  in Bulletin 126 of the Station, that the phosphoric 
acicl, soluble in fifth-normal nitric acicl, vhich we term the active phos- 
phoric acid, is probably represen'ted by calcium phosphate; while that 
not soluble is probably in the form of iron and aluminum phosphates. 
From the results of the pot experiments given in  that bulletin, it ap- 
pears that the needs of the soil for phosphate fertilizers are related to 
the quantity of active phosphoric acid present. 
While the active phosphoric acid may be present in other forms than 
calcium phosphate, it seems probable that most of it is present in  this 
form. The study of the availability of the phosphoric acid of rock . 
phosphate should thus throw some light upon the active phosphoric 
acid of the soil. This was one of the objects of the experiments here 
reported. 
It was likewise pointed out in Bulletin No. 126 that organic matter, 
carbonate of lime, and other soil substances, might affect the quantity 
of phosphoric acid taken up from the soil. Studies along this line 
have been presented in Bulletin No. 178, and the study of the effect ' 
of organic matter upon the availability of roclr phosphate is reported 




~ l l e  studies here reported have also a bearing upon the use of rocl- 
phosphate as a fertilizer. It has long been known that the phosphori 
acid of rock phosphate has only a low availability, and for this reasoi 
i t  is generally treated with sulphuric acid, as stated above. 
Of recent years, it has be led that decaying organic matter 
increases the availability of tl horic acid of rock phosphate: and 
i t s  use in  connection with gr 1s has been rather strenuously ad- 
vocated in some States. 
For example, Ropkins, in Illinois Soil Report No. 9, April, 1915, 
states that "The abundant information thus far secured shows posi- 
tirely that fine-ground natural rock phosrhate can be used successfully 
and very profitably, and clearly indicates that this material will 
be the most economical form of phosphorus to use in all ordinary sys- 
tems of permanent, profitable soil improvement. The first application 
map well be one ton per acre, and subsequently about one-half to-- 
acre evely four or five years should be applied, at  least until the 
phorus content of the plowed soil reaches 2,000 pounds per acre, 7 
ma) require a total application of from three to five or six ton 
sere of ramr phosphate containing 12+ per cent. of the element 
pho r~  P." 
Two thousand pounds of phosphorus per acre is equivalent to 
per cent. phosphoric acid, which should supply the soil well with 
phorir. acid. Since phosphate rock, finel:r ground, costs about 
per ton in  Texas (freight included), the application recommt 
woulcl involve an investnlent of from $27.00 to $54.00 per acre. 
In application i ~ ,  of course, practicable only 1 3 ~ ~  the man w110 owns the 
land having money to invest, and on land of 11igh value. It is not 
practical on land of low value, with borl-owed money which must be 
returned ~t the end of the crop season, or on land belonging to some 
,neccise who may reap the returns. 
Field experiments with rock phosphate bv the experiment stations 
lave been carried out with smaller quantities than those recommended 
above, and the resnlts are not alwavs favorable to rock phosphate. 
Mooers, in Tennes~ee Bulletin No. 90, 1910, makes the folk 
statements : 
"According to this table, without liming, acid phosphate ranks first, 
bone meal second, and phosphate rock third in profitableness of returns, 
whether the cowpeas be turned under for green manure or removed for 
hap, hut any one of the t'hree may he used with profit. Unaer liming, 
which is necessary in order to get remunerative crops of clover on these 
soils, and is, therefore, fundamental to their most successful manage- 
ment, acid phosphate is easily first, hone meal mav be used with profit, 
but phosphate rock is liable to he used at  a loss. 
'There is a somewhat popular opinion, especially among those who 
are interested in the sale of phosphate rock. that the rock increases 
appreciablv in effectiveness with the lapse of time after incorporation 
with the soil. A comparison of the laet crops harvested throughout 
the ~er ies  gives little ground for this opinion. A consideration of the 
per cent. of decrense in yield from the first to the last crop of wheat, 
for each phoephated and nnyho~nhaterl plot where the cowpeas were , 
turned. under shows that the unphosphated plots, as an average of the 
first three series, declined mogt and that phosnhate roclr, hone meal, 
and ~ c i d  phosphate followed in the order named. 
"Another argument advai~ced in  favor of phomhate rock is that its 
cheapness will permit the making of heavv applications, ~upnlving an 
exce~s of nhosphoric arid over that removed h r  the crops. so thgt there 
~vill he a 'permanent' increase in the soil suppllr. T l i ~  resnltc ohtained 









ered necessary, acid phosphate would without doubt be a more profit- 
able material than phosphate rock." 
Iceitt, South Carolina Bulletin No. 178, 1914, as a result of several 
experiments, states : 
"When applied alone or in combination with potash, the ground phos- 
phate rock has proved the most profitable the last two years. How- 
ever, when both nitrogen and potash were snpplied, the results were 
in favor of the acid phosphate the last two years, as well as for the 
four-year period, jn every case." Elsewhere he states (page 9 )  that 
the reason for the poorer results with the acid phosphate the last two 
Fears, is due to the depletion of the nitrogen or potash content of the 
soil, or both, caused by the heavier crops of the first two years." 
Broolcs, Massachusetts Bulletin No. 162, 1915, concludes that, in his 
I\Iassnchusetts experiments the natural rock phosphates have produced 
much smaller average increases in crops than those of other classes. 
He slates further : 
"Relative Profits o n  the ' ~ i f e r e n t  Phosp7tates.-The results presented 
fully establish the facts of larger relative increases an3 in  some instances 
superior quality of crops on the more soluble and availa'jle phosphates. 
Clearly, therefore, the use of such phosphates rather than the fine- 
ground natural rock phosphates is the part of wisdom, unless the cost 
of the latter is so much lower that they allow greater profit on their 
use than do the more soluble phosphates, in spite of the greater crop 
increases on the latter. The table gives the differences in  value be- ' 
tmeen the average annual crop increases and the average cost for the 
different classes of phosphates. 
TABLE 1. MASSACHUSETTS. 
Gain or Loss Per Acre in Crop Values Compared with Cost of  Phosphate. 
Natural Basic slag Dissolved 1 phosphates. mineral bone and meals. phosphates. 
~fphosphates ............................. $3.67 $3.70 $3.24 
average three crops 1899 1913 61914. 











al, average three crops, 1899, 1913. 1914 .'. .I .$ .16 1 $8.74 1 $9.42 * 
erage two crops, 1906, 1907. 
erage two crops, 1906, 1907.. ............. $3.19 1 $4 92 $6.03 
average two crops, 1906, 1907. ........... 1 -.79 :58 1 2.10 
.a], average two crops, 1906, 1907. ......... 
average two crops, 1901, 1902 (sound). .... 
:, average two crops 1903,1908. .......... 
, one crop 1900. ....................... 
an hay, oAe crop, 1900:. ................. 
: corn, one crop, 1904. ................... 
ns one crop, 1909. 
.......................... ,ni  crop, 1909.. 
.......................... lne crop, 1909. 
al, one crop. 1909. ...................... I
TABLE 1.-MASSACHUSETTS-Continued. 




. . . . . . . . . . . . . . . .  Oats and alfalfa, one crop, 1911.. 1 .48 
Potatoes, one crop 
Merchantable.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Small . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total ................................. 




Total . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.31 
Annual average. . . . . . . . . . . . . . . . . . . . . . . .  / 6.21 
"The results shown in this table are overwhelmingly conclusive on 
the point under discussion. The values of the crop increases in all 
instances exceed the cost of phosphate many times more on the more 
soluble and available materials than on the natural rock phosphates. 
The latter afford, therefore, far lower profits on their use than the 
former. 
"Curnu,latiue Efect.-The advocates of the use of-the rock phosphates 
may at  this point urge that while such phocphates are at first less effec- 
tive than the more soluble and quickly available materials they will 
~~ltimatelly fully equal the latter. This series of experiments has now 
continued eighteen years, and it would seem that this result should 
have been already realized. This has not been the case. The more 
soluble phosphates, bone meal and slag, still annually exceed the rock 
phosphates greatly in their effect on crop yield. Such excess, so far 
as can be judged, is still as great a9 at  anv earlier period." 
Wiancko and Conner, Indiana Bulletin No. 187, 1916, conclude : 
"Tn a. general summary of all the experiments of the Station during 
thirteen pears, in which eighty-tro tests were made, it appears that: 
"The per-acre net profit has been over qix times as great from acid 
phosphate as from rock phosphate. 
"The per-dollar in~~ested profit has been over seven times as great 
from acid pho~phate as from rock phosphate. 
"The value of the crop increa~e per pound of p'nosphorns applied has 
been twenty-eight and one-third cents for the acid phosphate and three 
and one-half cents for the rock phosphate." 
Tn the body of the bulletin tliev give the following: 
"AF a result of tlie eielltp-two tests i t  may he said most emphaticall? 
that  i t  pays to use acid phosphate on the average Indiana soil under 
aversge conditions. RAT rock phosphate has a1.o shown a profit, but 






TABLE 2. INDIANA EXPERIMENTS. 
lummary of All Experiments in Which Acid Phosphate and Raw Rock Phosphate Have Been 
Compared. 
Crops. 
Phos- Value Cost of 
K i n b f  Phos&ate. Y$;f. (Inrglse. phate, 1 of phos- Profit 











Acid phosphate. . . . . .  
.......... Raw rock.. 
None . . . . . . . . . . . . . . .  
. . . . .  Acid phosphate. 
.......... Raw rock.. 
None . . . . . . . . . . . . . . .  
Acid phosphate. ..... 
.......... Raw rock.. 
None ............... 
Acid phosphate. ..... 
Raw rock.. . . . . . . . . . .  
None . . . . . . . . . . . . . . .  
Acid phosphate. . . . . .  

















IVaIue of increase includes value of corn stover and wheat straw. 
2Average length of time tests have been running; 3.47 years. 
EFFECT O F  ORGANIC MATTER ON AVAILABILITY. 
Hartwell, in Rhode Island Bulletin No. 151, reviews the experiments 
bearing upon the effect of decaying organic matter upon the availabil- 
ity of rock phosphate, and presents some pot experiments of his own. 
He concludes that -in his experiments the cow manure had little or no 
effect upon the availability of the rock phosphate, whether applied at 
the time of planting or mixed arc1 allowed to ferment several months. 
IIe concludes from his review of the literature that "the experimental 
evidence so far pre~ented is not sufficient to prove that decaying or- 
ganic matter exeris any material effect upon the availability of the 
phosphoric acid of rock phosphate. Although i t  is not desired to con- 
clude as a result of the present pot experiment that manure may not, 
under some circumstances, increase the availability of floats, i t  appears, 
on the other hand, that further experimental evidence is necessary 
before i t  can be generally tnnght that the good results which may fol- 
low the applicatioi? of floats and manure or even other organic matter, 
are due in any considerable degree to the action of one upon the other." 
In  Bulletin No. I78 of the Texas Station, it was shown that organic 
matter may increase to a small extent the quantity of phosphoric acid 
taken up from the soil in pot experiments. 
EXPERIME,NTAL WORK. 
In the pot work here presented; the quantity of phosphoric acid used 
in acid phosphate was small in  order that i t  should not, if possible, 
exceed the requirements of the plants. I f  an excess of phosphoric acid 
is used, the results would he more favorable to the less available phos- 
phates. Details of the experiments are presented on subsequent pages. 
Table 3 shows the percentages of added phosphoric acid recovered 
in the various experiments. Thus, of the 0.2 gram available phosphoric 
acid added to soil 844, Series 4, 50.5 per cent. was recovered by the 
first crop, and 8.5 per cent. by the second. The figures refer t - 












TABLE 3. PERCENTAGE OF ADDED 
. . . . . . . . . .  First crop, Series 4-Rice. 
Second crop, Rice ........... 
. . . .  Total..  
.. Per crop.. 
First crop, Series 4-Rjce. . . . . . . . . . .  
Second crop, R ~ c e  . . . . . . . . . . .  
. 
. . . . . .  Total 
.. Per crop.. 
First crop, Series 4-Corn. . . . . . . . . .  
. . . . . . . . .  First crop. Series 4-Corn. 
First crop. Series 1 1-Rice. . . . . . . . . . .  
Second crop, R ~ c e . .  . . . . . . . .  
Third crop. Rice.. . . . . . . . . .  
Total..  . . . .  
Per crop.. .. 
First crop, Series 11-Rice. . . . . . . . . . .  
Second crop, .. Rice. . . . . . .  :. 
Third crop. Rice. . . . . . . . . . .  
Total. . . . . .  
.... Percrop 
First crop, Series 44-Mu tard, 1909. . 
Second crop, Corn, 1910 ...... 
Third crop, Sorghum, 1910.. 
Total..  .... 
.. Per crop.. 
First crop Mustard,1911.. 
Second cr.6~. Corn,1911 . . . . .  
Third crop, Sorghum, 1911,. . 
.... Total..  
.... Percrop 
First crop, Series 44-Mustard 1910. . 
Second crop, Corn, 19i0. .  ... 
Third crop, Sorghum, 1910.. 
. . . .  Total.. 
Percrop .... 
First crop Mustard, 1911.. 
Second crhp Corn. 1911. . . . .  
Third crop, Sorghum. 1911. . 
. . . .  Total . .  
.. Per crop.. 
First crop, series 44,-Mustard, 1910.. 
bond crop, Corn 1910 
Third crop, sorghum, l'sio: : 
Total . .  .... 
Per crop. ... 
First crop Mustard 1911.. 
Second crAp, Corn 1911 
Third crop, ~org6urn.19ii : :  
.... Total..  
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Total..  . . . .  
Percrap .... 
First crop, Series 45-Sorghum, 1910.. 
Second crop, Mustard, 1911. 
Third-crop, Corn, 1911. .... 
Total. ..... 
Percrop .... 
First crop, Series 45-Sorghum, 1910. . 
Second crop Mustard, 191 1.  
... Third crop, Corn. 1911.. 
. . . . .  I .. Total. Per crop.. First crop, -, - * Corn.1912 . . . . .  
.... 54 First crop, Series 46-Corn, 1911. 














. Total . .  . . .  i Per crop.. .. / 21.0 

















































S e c o n d c r o p ,  ~ o r ~ < u m , 1 6 1 1 : :  ........ 22.5 
Total..  .... 38.1 
. Percrop ....I ::::::::I 19.1 
3.: 





. . . . . . . . .  
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6 .3  
13.4 
9.4 





- - -  
13.5 
6 .8  
- - -  
...... . .  
. . . . . . . .  




















9 .5  
4 .8  
















9 .2  
9.2 
4.6 
First crop, Series 46-Corn 1911. . .  
Second crop, , sorg6um, 1911:: 
.... Total..  
.... Percrop 
First crop, Series 46-Corn, 1911. .... 
Second crop, Sorghum,1911.. 
. . . .  Total..  
.... Percrop 
First crop, Series 46-Corn, 1911. .... 
Second crop, Sorghum, 1911.. 
.... Total..  
.... Percrop 
First crop, Series 46-Corn 191 1 : 
Second crop, ~ o r ~ h ; m , 1 9 1 1  
















. . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . .  









R.E I M 
----.. 
3.61 13.1 
Lab I . 
No . I 
. F i s t  crop, S e e s  4 6 o n ,  9 1 . 
Second crop, Sorghum, 191 1 . . 
Total ...... 
.... Percrop 
First crop, Series 47.Corn . 191 1 . . . . .  
Second crop, Sorghum, 1911 .. 
Total  ...... 
Percrop .... 
4587Firstcmp,Series47--Carn.1911 . . . . .  
Second crop, Sorghum, 1911 .. 
Total ...... 











Second crop, Sorghum, 1911 . . 
Total ...... 
Per crop .... 
!3421First crop . Series 48--Corn, 1913 ..... 
Second crop, Sorghum, 1913 .. 
Third crop Corn 1914 . . . .  
Fourth crob, Sorghum, 1914 .. 
Total ...... 
Percrop .... 
First crop, Series 48--Corn, 1913 ..... 
Second crop, Sorghum, 1913 .. 
Third crop Corn, 1914 . . . . .  
Fourth crob, Sorghum, 1914 . 
Total ...... 
Percrop .... 
First crop Series 48--Corn, 1913 . . . . .  
Second crop, Sorghum, 1913 . . 
Third crop Corn, 1914 . . . . .  
Fourth crob Sorghum, 1914 . . 
Total ...... 
.... Per crop 
First crop, Series 48--Corn, 1913 ..... 
Second crop, Sorghum, 1913 . .  
Third crop, Corn 1914 
Fourth crop, sorghum, 1'9i4: : 
Total ...... 
.... Per crop 
First crop, Series 48-Corn 1913 
Second crop, sorg&m, 19i3:: 
Third crop Corn, 1914 . . . . .  











0 1.81 14.8 
22.6 
11.3 : 14.0 1.4 2.4 
R R, E M 
-----. 
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7 6.3, 11.8 
-----
12.2 
13.71 30.41 18.2 18.6 
15.2 9.3 
2 3 7  
0,  17:11 
I ::a 2.6 
1.6 
-- 
1.7 40 8 1 . 0 ' 7 3  
. 9 20141 
I . 51 2.1 I 
Phosphoric Acid Removed from Acid Phosphate.-The percentages of .  
phos~ihoric acid recovered from acid phosphate vary from 20.0 to 14.3 
per cent. The average recovery of phosphoric acid of acid phosphate 
for all crops, in 25 experiments, is 48.2, with a standard deviation for 
the individual tests of O t l 4 . 4  and a standard cleviation from the 
average of k 2 . 2 .  It is clear that one may reasonably count on an 
averAge recovery of 50 per cent of tlie phosphoric acid added in acid 
phosphate. 
When conclitions are favorable, the greatest quantity of tlie phosphoric 
acid of acid phosi~hate is taken up by the first -crop. This may vary 
from 40 to 60 per cent of the total. The average quantity of phosphoric 
acid taken by the first crop is 30.6, compared with the average of all 
crops (22 tests) of 47.3. Thus tv-0-thirds is, on an arerage, taken up 
by the first crop. 
Acid Phosphate Compared zuith 3fanzc~e.-The average quality of 
phosphoric removed from acid phosphate in 22 tests (some with ma- 
nure), is 37.9 per cent., compared with 39.2 for the phosphoric acid 
from manure alone. We have either to conclude that the phosphoric 
acid of the manure or excrement 1s highly available to plants, or that 
the manure a~sisted in the assimilation of soil phosphates by plants. 
I n  Bulletin No. 178 we presented evidence to show that manure or 
orgallie matter, to a slight extent, makes phosphoric acid of the crop 
more available. 
When acid phosphate alone is compared with acid phosphate and 
manure (18 tests) we find a recovery of 39.1 for the acid phosphate, 
34:l for the acid phosphate with manure after correction for the phos- 
phoric acid removed from the manure. We ascribe this decrease in 
assimilation of the phosphoric acid of acid phosphate to the fact that 
the supply of phosphoric acid in some cases exceeded the needs of the 
crop, nnil so the crop removed less. I n  11 cases there are decreases, 
and in 7 there are increases of the phosphoric acid removed from the 
acid pho~phate, when manure is present. 
Acid Phosphate Compared wit71, Rock Phosp1tnte.-An examination 
of the table shows decided variations in the comparative recovery of 
phosplioric acid from rock phosphate. For example, 35.0 per cent. of 
the phosphoric acid of acid phosphate is recovered by three crops of 
rice on so3 844, and only 1.4 per cent. from roclr phosphate; while 
from soil 552 with rice liliewise, the recovery from acid phosphate is 
74.3 and from rock phosphate 23.8. In the one case, the rock phos- 
phate is 20 times ;IS available. There is evidently a decided difference 
in the availability in different  soil^. 
The amrage recovery for all experiments where a comparison is 
made (21) is 43.9 per cent. for acid phosphate with n standard de- 
viation of t 1 5 . 7  for individuals and of t2.3 for the average; and 
9.1 per cent. for rock phosphate, with a standarc1 deviation for indirid- 
uals of t 7 . h n c l  the average of -41.1. 
Thus the phosphoric acid in rock phosphate in these experiments has, 
on an average. 21 per cent. of the yalue of acid phosphate. As stated 
above, there are some soils in  which the rock phosphate apparently has 
no value, and others where its value is high. There are 8 of the 21 
tests in  which the availability of the rock phosphate is 25 per cent. or 
more than that of the acid phosphate. 
Whether the relative values above given would apply to field co 
tions, and to larger applications of rock phosphate, requires fur 
study. It does not follow, for example, that the application of five 
pounds of phosphoric acid in rock pllosphate will produce the same 
effect as one pound phosphoric acid in acid phosphate for the reason 
that rock phosphate is only slightly soluble in the soil moisture and 
five times the application may really only increase slightly the amount 
of phosphoric acid presented to the roots. There may be a point a t  
which increased applications of rock phosphate may have no effect 
upon the size of the crop, as it is possible that the phosphoric acid of 
rock phosphate map not enter. the plant rapidly enough to produce the 
corresponding growth. That is to say, the rock phosphate is only 
slightly soluble and may not increase the concentration of the soil 
mois.ture sufficiently to produce rapid growth, and further additions 
of rock phosphate might not increase the concentration of the phos- 
phoric acid in  the soil moisture beyond a certain point. 
Assuming acid phosphate containing 16 per cent. available phos- 
phoric acid to cost, $19.20 per ton, what would be the value of rock 
phosphate containing 28 per cent. phosphoric acid, if the phosphoric 
acid has one-fifth the value of that of acid phosphate? One-fifth of 
28 is 5.6 per cent.; so that the rock phosphate would be equivalent to 
acid phosphate containing 5.6 per cent. available phosphoric acid. At 
six cents per pound, which mould be the cost of available phosphoric 
acid in 16 per cent. acid phosphate, at  $19.20 per ton, the rock phos- 
phate would have a valuation of $6.72 per ton. Thus aeid phosphate, 
on the basis of the abore assumptions mould give a larger immediate 
profit than rock phosphate at  $7.00 a ton. The phosphoric acid of 
the rock phosphate mould, of course, remain in the soil until utilized 
by the plants. 
T h e ~ e  comparisons are made on the basis of several crops grown 
with the acid phosphate and the rock phosphate. If  the first crops only 
are considered, the showing is still more favorable to aeid phosphate. 
As stnted ahore. the first crops removed 30.6 per cent. phosphoric acid 
from acid phosphate, while all the crops removed 47.3 per cent. With 
rock phosphate and manure (23) ,  the first crop removed 5.3 per cent.. 
and all crops 11.9 per cent. Thus the phosphoric acid of the acid 
phosphate had nesrlv six times the value of the phosphoric acid of the 
rock phosphate for the first crops. 
We have as yet not been able to trace any connection between the 
chemical cornpopition of the soils and the differences in the availabilitv 
of the phosphoric acid of rock phosphate. 
Efirect of Manure on Roc2 P7zosphnfe.-In 19 test$, rock phosphate 
alone averaged a recovery of 9.6 per cent. phosphoric acid, with a 
standard deviation of 2 8 . 6  for indiriduals and 21.3 for the average; 
I 
rhile rock phosphate with manure averaged 8.7 per cent., with a 
tandard deviation of k8 .6  for individuals and 21 .2  for the average, 
orrection being made for the phosphoric acid removed from the ma- 
ure alone. 
The addition of manure apparently had no effect upon the recovery 
f the phosphoric acid of the rock phosphate. This confirms the con- 
lusions of Hartwell, although it is apparently not in accord with the 
act that manure or organic matter increases the phosphoric acid re- 
loved by crops from some soils. However, there are some soils in 
rhich the manure apparently increases the removal -of phosphoric acid 
rom rock phosphate, and then again, the phosphoric acid of soils is  
vidently not present as rock phosphate for the most part. 
I n  32 tests, acid phosphate with manure averages 32.2 per cent. re- 
overp, compared with 10.2 per cent. for rock phosphate and manure, 
orrection being made for the phosphoric acid removed from the manure 
lone. These results show a slightly better recovery of the phosphoric 
cid of rock phosphate, and a decidedly poorer recovery of that from 
cid phosphate, over those previously given. As already stated, it is 
robable that in some of the tests the phosphoric acid supplied by the 
cid phosphate and manure exceeded the needs of the plants. 
We conclude that in  these pot experiments, manure had, on an 
.rerage, little or no effect upon the assimilation of phosphoric acid of 
ock phosphate by plants. 
DETAILS O F  EXPERIMENTS. 
Tables 4 to 10, inclusive, contain *the detailed results of the -work. 
Series 4. Soils 852 and 844, with 5 kg. soil. Additions: 2 gms. 
~otaseiurn sulphaie, 2 gn.16. ammonium nitrate; 0.2 gm. water-soluble 
md reverted phosphoric acid in  acid phosphate, No. 600 (K. C.) ; 
1.2 gm. phosphoric acid in  phosphate rock No. 837. Planted (A) 5 
~ a i n s  corn weighing 2.0-2.1 gms; (B) 10 grains rice weighing 0.34- 
1.36 gm. First crop, 1907. Second crop, rice planted, April 3 0, 1908, 
iarvested August 18; 1908, did very poorly, perhaps flooded too Eoon. 
Qddition of 1 gm. each ammonium nitrate and sulphate of potash were' 
nade before planting, and 4 am. each on June 1. 
Series 17. Soils 844 and 852 with 5 kg. soil. Additions: 1 gm. 
3ach sulphate of potash and nitrate of soda; 5 p s .  excrement No. 917 
(If), containing .0415 p. P,O,; 0.2 ,ms. available phosphoric acid 
m acid phosphate No. 2480; 0.2 em. phosphoric acid in phosphate 
rocks No. 857. Planted rice March 23, 1909, flooded May 4, harvested 
September 3, 1909. 
Second crop rice; additions 1 am. each sulphate of po ta~h  and am- 
monium nitrate; 5 excrement No. 917; 0.10 gm. ,available phoe- 
phoric acid in acid phosphate No. 3194; 0.15 gm. phosphoric acid in 
pho~phate rock No. y29. Planted July 12, 1910, flooded August 5, 
harvested November 22, 1910. 
nd sul- Third crop, rice J additions, 1 gm. each ammonium nitrate a 
phate of potash. Planted April 7 ,  harvested August 26, 1911 
Se~ies 44. 1909. Soils 1956, 2377, 2378, with 10 kg. soil. LILLUI- 
tions; 2 gms. each sodium nitrate and potassium sulphate; 0.15 gm. 
available phosphoric acid in  acid phosphate No. 2G7l (A. C.) ; 0.30 
gm. total phosphoric acid i n  phosphate rock No. 729 (R),  containing 
-0132 gnl. phosphoric acid; 15 gms. excrement No. 904 (Ex.). 
First crop; mustard, planted December 1, 1909, killed by freeze and 
harvested February 22, 1910. 
Second crop; corn: planted April 5, harvested June 17, 1910. Ad- 
ditions of 2 gms. each sulphate of potash and nitrate of soda. 
Third crop; sorghum: added 1 gm. each potassium chloride and 
ammonium nitrate. Planted June IS, harvested September 13, 1910. 
Fourth crop; mustard: added 1 gm. each ammonium nitrate and 
sulpllate of potash; 15 gms. excrement No. 3222 (Ex.), containing 
-1125 grn. phosphoric acid; 0.15 gm. available phosphoric acid in  acid 
phocphate No. 2671; 0.30 gm. total phosphoric acid in phosphate rock 
Xo. 729. Planted mustard October 17, 1910, harvested January 4, 
1911. 
Fifth crop; corn: added 1 gm. each ammonium nitrate and potas- 
sium sulphate. Planted March 23, harvested June 2, 1911. 
Sixth crop; corn: added 1 gm. each ammonium nitrate and sul- 
phate of potash. Planted June 26, harvested September 4, 1911. 
Seventh crop; corn (1956 on 1'7) : added 1 gm. each sulphate of 
potash and ammonium nitrate. Planted April 82, harvested Ji 
1 !)I 2. . 
l a b 1  No. 
Second crop rice, 1908. 
1-0 . . . . . . . . . . . . . . . . . . . .  
2-0 . . . . . . . . . . . . . . . . . . . .  
3-AC. . . . . . . . . . . . . . . . . .  
4-AC . . . . . . . . . . . . . . . . . .  
5-R. . . . . . . . . . . . . . . . . . . .  
6.R. . . . . . . . . . . . . . . . . . . .  
- 
844 
Per cent Crop Per cent 
Gm. 1 P 2 0 G  1 gEi 1 z- 1 ZZFO 1 rEF:z- 
First crop, rice, 1907, series 4 
1-0 . . . . . . . . . . . . . . . . . . . .  
2-0 . . . . . . . . . . . . . . . . . . . .  
3-AC. . : . . . . . . . . . . . . . . .  
4-AC . . . . . . . . . . . . . . . . .  
5-R. . . . . . . . . . . . . . . . . . . .  
6-R. . . . . . . . . . . . . . . . . . . .  
I- I- I- I-I- 
ATTAILABILITY OF PIIOSPHORIC ACID IN ROCK PHOSPHATE. l? 
TABLE 4-Continued. CROPS IN SERIES 4. 
First crop corn, 1907. Series 4. 
. . . . . . . . . . . . . . . . . .  8441 1-0.. 
2-0 .................... 
3-AC. ................. 
PAC. .  . .  . ; .  . . . . . . . . . . .  
5-R... . . . . . . . . . . . . . . . . .  
6-R.. . . . . . . . . . . . . . . . . . .  
Crop Per cent Aver- Gain 
Gm. 1 P.0. I I age. over0  

















. . . . . . . .  














































































. . . . . . . . . .  6-R.. 
Calculations on second and third crops are based on 3.5 gm. P,O, from R and 0, 3 gm. from acid phosphate. 






Aver- 1 Gain Grin 1 Recov- 
age. over 0. over E. ered. 
---- I l l  
------ 
I ' -  Mustard Per cent  G m s .  1909. , P,O, I P,O, 
---- 1 --- 
1956 
Per cent 
Gms Aver- Gain Gain recov- 
F'i0; 1 ' ige. 1,over 0. 1 over J3 1 ered 
Per cent 
Aver- Gain 1 Gain 1 recov- . 
age. over 0. over E. ered. 
1-I-- 
Second crop, Series 44 
. 1-0. . . . . . . . . . .  
2-0. .......... 
3-AC. . . . . . . . .  
4-AC . . . . . . . . .  
5-P . . . . . . . . . . .  
6-P ........... 
7-EX. . . . . . . . . .  
8-EX. ......... 
9-AcEx. ....... 
10-ACEx. . . . . . .  
1 1-PEx. ....... 
12-PEx. . . . . . . . .  
Lab, 
No. 
'hird crop. Series 44. 
1-0. .......... 
.2-0 ........... 
3-AC. . . . . . . . .  




. . 2.7 , 
. . 7.7 
. . 7.4 
. . 9.6 
. . 1 .5  
. .  2.5 
. . 7.5 
. . 6.8 
.. 6.6 
.. 9.2 
. .  4.2 













!rth crop, Series 
1-0. ......... 
2-0. . . . . . . . .  
3-AC*. ...... 
4-AC. ...... 
5-P. . . . . . . . .  
6-P. ........ 
7-EX. . . . . . . .  
8-EX. . . . . . . .  
9-ACEX. . . . .  
10-ACEX. . . . .  
11-PEx.. ..... 
1 2 P E x . .  . . . .  
1956 
*New additions of P, Ex, and AC, Exe.1125 gm. P,O, No. 3222. Calculations based on 
new addltlons only. 
Fou 
TABLE &Continued. CROPS IN SERIES 44. 
















, 1 z- 1 ""in ~ a i n  1 Recov- 
over 0. over E. ered. 
Gain 
over E. 
. . . . . . . . . . . . . . . . . . . . . . . .  
: : : : : : : :  
. . . .OOi i . . . . . . . .  
. . . . . . . .  
. . . . . . . . . .  
. . . . . .  
.O..ii 
. . . . . . .  
0 























. . . . . . . . . . . .  
........ 
~0i3..i........ 
. . . . . . . .  
















Fifth crop Series 44. 








9-AcEx.. . . . . .  
...... 10-ACEX. 
1 1-PEx. ........ 
12-PEx.. . . . . . . .  
*If No. 5 excluded, availability of rock-6.3. 
Gain 
over E. 
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
. . . . . . . .  
. . . . . . . . . . . . . . . .  
. . . . . . . .  
. . . . . . . . . . . . . . . .  
. . . . . . . .  













. . . . i i : i  
5 . 3  






















































































. . . . i ) i i i . . . . . . . .  
. . . : b i i O . . . . . . . .  
.0304...:6iiiiB..... 







. . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  






























- - * - - - . *  





































.0818...:iijb... . . . . .  





















. . . :OiOi.. . . . . . .  
........ 
' 0  
........................ 
0 
Fifth crop, Series 44. 
.......... 1-0. 




.. GP........  













*If No 9 excluded availability of acid phosphate i s  171 per cent. 

























































- _ _ _ - - -  
.0158 
. . .:04i0... . . . . .  
.0164...:0ig0.... . . . .  
........ 
.0464 
... : Oiii 





























Sixth clop, Series 44. 
........... 1-0 
O . . . . . . . . . .  
........ 3-AC. 




......... E X .  
9-ACEx*. ..... 
... 10-ACEx.... 















. . . :bOjO.. . . . . . .  
.0019 
: b i 9 9 . . . . . . . .  
........ 
. . . . . . . . . . . . .  




























































Fourth croD. Series 44. 
*New additjons of P, Ex, and AC, Ex-1125 am. P,O, No. 3222. Calculations based 
on new add~tlon. 
AVATT.ABII,TTY OF PI~OSPHORIC ACIDI N  ROCK PHOSPHATE. 25 
TABLE 6-Continued CROPS IN SERIES 44. 
Mustard 1 1911. 




































. . .  
' i 6 : 3  
........ 
7.0 





















.. . . .  
.05ii 
. . . .  
.Osj, 





- - - -  
.... 
.... 
. . .  
...b9
. . . .  
.iii 






Fifth crop, Series 44. 
1-0. . . . . . . . . . .  
2-0. . . . . . . . . . .  
3-AC. . . . . . . . .  
. . . . . . . .  4AC.  
5-P. . . . . . . . . . .  
6-P. . . . . . . . . . .  
7-EX. . . . . . . . . .  















First crop, Series 45. 
1-0 ........... 
. . . . . . . . . . .  2-0 
3-AC. . . . . . . . .  
. . . . . . . .  4-AC. 
5-R . . . . . . . . . .  
6-R.. . . . . . . . . .  
7-Ex. . . . . . . . . .  
8-EX. . . . . . . . . .  
9-ACEx. . . . . . .  
. . . . . .  10-ACEX. 
. . . . . . . .  11-REX 
12-REX . . . . . . . .  
Gain 
overO. 
.. ... : : 
...:0i4i 
...:03j6 
. . . . . . . . . . . .  
. . . . . . . .  
.Oii i : : : : : : : :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gain 
overO. 




:' : : : : : : : 
.0i3,: : : : : : : :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 
Second crop, Series 45. 
1-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3-AC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-AC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5-R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6-R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-EX 
8-EX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9-ACEX 
10-ACEX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  




. . . . . . . . . . . . . . . . .  
:::::::: 
. . . :O iOb: : : : : : : :  
:::::::: 
.Oisi 
. . . . 0 0 5 i . . . . . . . .  
Gain 
overE.  
. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
















9-ACEx. . . . . . .  
10-ACEX. . . . . . .  
11-I'Ex.. : . . . . . .  





















. 8 .6  
4.5 
7.7 
8 .4  






















































Sixth crop, Series 44. 
1-0 ........... 
........... 2-0 
3-AC. . . . . . . . .  
......... 4-AC 
5-P. . . . . . . . . . .  















7-EX. . . . . . . . . .  
8-EX . . . . . . . . . .  
9-ACEx. . . . . . .  
10-ACEx.. . . . . .  
1 1-PEx.. ....... 





. . . . . . . . . . . .  
. ow8 
. . . .  
.OsiO 
. . . .  
.oi 
. . . .  
.Oss;i 






. . . . . . . .  
'0 
21.4 
. . . . . . . .  






. l o . . . . . e .  
0 
. . . . . . . . . . . .  
. . . . . . . .  
..2;........ 
. . . . . . . .  




. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
. . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  
. ....... 
. . . . . . . . . . . . . .  
. . . . . . . .  
.Oiii 
. . . .  











Gain 1 Gain 1 Recov- 
over 0. over E. ered. 
Grns: 
p205. 










Lq age. Sorghum Per cent 
g.1 

















































Aver- / Gain 1 Gain 1 


















Third crop, Series 45. 
1-0. . . . . . . . . . .  
L.b.i NO  TABLE '/--Continued. CROPS IN SERIES 45. Sorghum Per cent ; 1910. i P/V/ 1 
ies 45. First crop. 






7-EX. . . . . . . . . .  
8-EX. ......... 
9-ACEX. . . . . . .  
JO-ACEX. ...... 
1 1-REX. ....... 





















SecclllU , ,, Series 45. ' 
1-0.. ......................... !. ............................. 
2-0. ............................................................ 
3-AC ........................................................ 
4-AC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5-R.. ........................................................ 
6-R .......................................................... 















. . . . . . . . . . . . . . . . . . . . . . . . . .  
........ 
......................... 
. . . . . . . .  
................................ 



























. . . . . . .a 6  I 
8-Ex. . . . . . . . . .  
9-ACEx. . . . . . .  
10-ACEx . . . . . . .  
-- 
Series 45, Third crop. 
1-0.. ......... 
2-0. ........... 




7-EX . . . . . . . . . . .  
8-EX.. ........ 
9-ACEx. . . . . . .  
10-ACEx. . . . . . .  
11-REX. . . . . . . .  
12-REX . . . . . . . .  





5-R.. . . . . . . . . .  
6-R . . . . . . . . . . .  















over Ex ered. 
: /1 .0252! .0340 ........ 9.1, 
.I81 .0428 
Aver- 1 Gain 
age. over 0 
........................ 
. . . . . . . .  
t,........ 
























































. I 3  
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TABLE 
Lab. 
. . . . . . . . . . . . . . . . .  
2-AC . . . . . . . . . . . . . . . . . .  
3-R. .................. 
4-E . . . . . . . . . . . . . . . . . . .  
5-ACE.. . . . . . . . . . . . . . .  
6-RE. ................. 
I 
Lab. No. 1 
8. CROPS I N  SERIES 46. 
- 
3654 
Series 46, Second crop. 
. . . . . . . . . . . . . . . . . .  1-0. 
2-AC . . . . . . . . . . . . . . . . . .  
3-R. .................. 
4-E . . . . . . . . . . . . . . . . . . .  
5-ACE. ................ 






Series 46, Second crop. 
................. 
2-AC. ................. 
2-R ................... 1 4-E .................... 
5-ACE. ................ 
. . . . . . . . . . . . . . . .  1 6-ER.. 












over Ex P E 0 5  
Sfirks 46, Second crop. 
1-0.. .................. 
2-AC. . . . . . . . . . . . . . . . . .  
3-R.. ................. 
4-E . . . . . . . . . . . . . . . . . . .  
5-ACE . . . . . . . . . . . . . . . . .  








. I 4  
.14 
Sorghum!Per 1911 P,O, cent 
1- 
11.51 .11 















Series 46, First crop. 
1-0. .................. 
2-A. 13571 = .156. . . . . .  
3-R. 4570=. 323. ..... 
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TABLE 8-Ct. . CROPS IN SERIES 46. 
- 
- , Lab. 
No. 1 - 
3975 
Lab. Per cent ! W: P e r  cent G m s  Gain Gain I recov- 
No. I P 2 0 ,  P,05 o v e r 0  o v e r E  ered. 
--I I-I----- 
Series 46, Second crop. 
1-0 . . . . . . . . . . . . . . . . . . .  9.4 .12 .0113 . . . . . . .  
2-A. .................. 32.6 .13 .0424 .0311 . . . . . . . .  20.0 














....... . I  : 0299 
........ .0121 I 
1 12.4 
19.2 
3 . 8  
P " '  TN SER 
TABLE 8-Continued. CROr . - IN SERIES 46. 
--- 
<f-;. - uu 
-J Corn Per cent Gms. Gain Gain recov 
No. I 1911 P 2 0 5  P.0: over 0 over 1 ered. 
- -- - -- - -- 
-I -----I- 
Series 46, First crop. (2831 1-0. .. .:.I. . . . . .  
. . . . . . .  .. . i. 2-A. ; 1 
. . . . . .  . !, 1 3-R. ... ': 
5 .  I . . . . . . . . . . .  '%:, 4-E 
. . . . . . . . .  ~k.6-EA  
. . . . . . . . .  6-ER. 




Gms. 1 Gsin Gain 
.P,05 over 0 over E 
Series 46, Second crop. 
12831 1-0. . . .  ,. : . . . . . . . . . . . . .  . . . .  
, 




I ,  
(Serib? 147: Fir i t  crop. 
. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
1-0. 
2-E 
3-EA. . . . . . . . . . . . . . . . . .  
4-ER . . . . . . . . . . . . . . . . . .  
, ' 5-ER,. . . . . . . . . . . . . . . . .  
, "I 
Per cent 
Corn P e r  cent  Gms. 1 Gain Gain I recor- 
1911 1 P,O, P,05 over 0 over E 1 ered. 
I t >  1 l l  
' I ' , * ' ,  k 2 
I 7 %  7 7 ) TABLE 9. CROPS I N  SERIES 47. 
. .  . . . . . . . . . . .  2-A. 1 , , 
3-R . . . . . . . . . . . . . . . . . . .  
................... A ~ E  
i ,5-EA. . . . . . . . . . . . . . . . .  
................. 6-ER. 
















4 4 . 9  1 7  
44 5 .23 
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TABLE &Continued. C R O P S  IN S E R I E S  47. 
Lab. 1 
No. 







Sorghum Per cent Gms. 1 1911 1 P 2 0 z  1 P 2 0 5  1 o:FO 1 o ~ % x  Per cent recov- ' ered. 
Per cent 




P E R  ................. 
5-ER:. ................ 
6-E R ,. ................ 
I I I 1 I 
1 SorghumlPer r e n t  Grns , Gain I Gain I Per r cov- cent / 1911 P,O, P,05 over 0 over Ex ered. 
1 47, First crop. 
. . . . . . . . . . . . . . . . . . .  I- _o 
s 47, First crop. 1 1 
Per cent 
1-0 ................... 2.7 
47 .Second crop. 
1-0'. . . . . . . . . . . . . . . . . . .  
2-E. . . . . . . . . . . . . . . . . . .  
3-EA . . . . . . . . . . . . . . . . . .  
4-E R 
~-ER::::::'.'.:::::::::: 
6-ER3.. . . . . . . . . . . . . . . .  
7-E. . . . . . . . . . . . . . . . . . .  








3-EA.. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  P E R  , 
................. 5-ER 
6-ER:. . . . . . . . . . . . . . . . .  



















TABLE 10. CROPS I N  SERIES 48. 
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0 
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. . . . . . . . . . . . . . . . .  3-EA. 
. . . . . . . . . . . . . . . . .  4-ER. 
5-A . . . . . . . . . . . . . . . . . . .  
-- 




. . . . . . . . . . . . . . . . . .  4-ER 
. . . . . . . . . . . . . . . . . .  5-A. 
Fourth crop. 
1-0 . . . . . . . . . . . . . . . . . . .  
2-E . . . . . . . . . . . . . . . . . . .  
3-EA . . . . . . . . . . . . . . . . . .  
4-EF.. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  A .  
Series 48, First crop. 
. . . . . . . . . . . . . . . . . . .  1-0 
.................. 2-E. 
. . . . . . . . . . . . . . . . . .  3-EA 
4-ER. . . . . . . . . . . . . . . . . .  




. . . . . . . . . . . . . . . .  3-EA.. 


















































.0360. . . . . .  
.0262 
.0202. . ; . . . . .  
........ 
"i4 
TABLE 10-Continued. CROPS IN .SERIES 48. 
Series 48, Third crop. 




5-A. . . . . . . . . . . . . . . . . . .  
Fourth crop. 
1-0 ............ : . . . . . .  
2-E. ................... 
3-EA .................. 
dER. . . . .  . . . . . . . . . . . . .  
5-A. .................. 
Corn Per cent 
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Series 48, First crop 
. . . . . . . . . . . . . . . . . . . .  1-0 
. . . . . . . . . . . . . . . . . .  2-E. 
3-EA. ................. 








. . . . . . . . . . . . . . . . .  PER;  
5-A. . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  6-R. 







. . . . . . . . . . . . . . . . . . . .  6-R 
.................. 7-0. 




4-ER. . . . . . . . . . . . . . . . . .  
5-A.... . . . . . . . . . . . . . . .  
.................. . 6-R. 
7-0 . . . . . . . . . . . . . . . .  ; . .  
Series 48, First crop. , 
1-0 . . . . . . . . . . . . . . . . . . .  
2-E. . . . . . . . . . . . . . . . . . .  
3-EA . . . . . . . . . . . . . . . . . .  
4-ER.. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  5-A. 
. . . . . . . . . . . . . . . . . .  . 6-R. 
Second crop. 
1-0 . . . . . . . . . . . . . . . . . . .  
2-E. . . . . . . . . . . . . . . . . . .  
3-EA. . . . . . . . . . . . . . . . . .  
4-ER . . . . . . . . . . . . . . . . . .  
5-A. . . . . . . . . . . . . . . . . . .  






























































.0110. . . . . . . .  
.0071 
.0130.. . . . . . .  














1 8eies 45. ~ d i l s  3333, 3653, 3652. Weight 5 kg. Additions :is. ' I aeh potassium chloride and ammonium nitrate; 0.1. gm. available,, phosphoric acid in acid phosphate No: 3194; 0.15 gm. total phosphoric . lEid in phosphate rock No. 729 ; 5 grns. excrement No. 9,17, containing,, \ 
I ,0115 gm. phosphoric acid. Planted 1 gm. sorghum July ,S,,,harvested ,. fhptember 3, 1910. ! l f T  . I { y  crop, mustard : added 1 gm. each ammonium. -nitrate ..an$,, ' 
p h s i u r n  sulphate ; planted 1 gm. mustard October - 13, I910 ; .killed 
by freeze and harvested January 3, 1911. 
':kc : r r j ;  I ~ { ~ ~ I - I I + ~  
; corn: added. 1 gm. each ammonium nitrate and potas;,, 
te. Planted 1.8-1.9 gm. corn ; 5 grains on March 24, 1911 ; 
o 4 stalks on April 10, harvested June 22, 1911. 
op (3652 only) ; corn: added 1 gm. each ammonium ni- 
b& and potassium sulphate; .09 gm. available phosphoric -acid::in l rdd  
?sphate 14068; 0.183 gm. total phosphoric acid in .&tidrphosphate 
@I. Planted corn April 10, 1912, harvested June1 .25, 19a2. . I :  
&es 46. Soils 3654, 3656, 3975. 2409, 2829, 2831. Added 1:grh. 
ammonium nitrate and snlphate of potash; 10 gms. excrement ( E ) I ~  
4559. containing -042gm. phosphoric acid, 1 gm. acid phosphate 
135111 equals .I56 gm. arailable phosphoric acid; 1 gm. phosphate 
4569 equals ,322 gm. total phosphoric acid. Weights of pots: 
8600 gms. soil: 3654, 8200 grns.; 3656, 8100 gms.; 3975: 7600 
09. 6800 gms.; 2829. 6700 gme. planted 5 grains corn, 1.8-1.9 
April 1, harvested June 14 to June 22, 1911. 
pj ~orghum: Sdded 1 am. ammonium nitrate. Planted 
vne 23. 1911, harve~ted August 23 to September 9, 1911. 
. Soils 4582, 4587, 4586. Weights: 6500 gms. of No. 
grns. of No. 4587; 7200 p s .  of No. 4586. Additions: 
each ~rnrnoni~ l rn  itrate and sulphate of potash; 10 gms. excre- 
No. 4561, carrving .I 20 ,m. phosphoric acid; 1 gm. acid phos- 
13571, containing .I56 gms. available phos~horjc acid: 1 p. 
phocphate No. 4569 R I r i t h  .326 grn. total phosphoric acid; 
TABLE 10-Continued. CROPS IN SERIES 48. 
1 J ' [ 
I I , I "  PeSce*+l'; 
Lab. Corn Per cent Gm. Gain Gain , recov; , I No. 1914 P,O, P,O, over 0 over E ered. 
1 -  
6885 
7 
Series 48, Third crop. 
1-0.. ................. 
................... 2-E 
. . . . . . . . . . . . . . . . .  3-EA 
. . . . . . . . . . . . . . . . .  4-ER. 
3.4 5.6 10.1 
. . . . . . . . . . . . . . . . . .  . . . . . . .  
17.9 
. I 8  
.19 
.14 




1-0 . . . . . . . . . . . . . . . . . . .  4.0 2-E . . . . . . . . . . . . . . . . . . .  4.5 
. . . . . . . . . . . . . . . . . .  3-EA 6.5 
4 E R  . . . . . . . . . . . . . . . . . .  10.7 
5-A . . . . . . . . . . . . . . . . . .  5.0 
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r , ! I  
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- 5 2  $171'' 
. 
. . . .  ,. . . .  
................ 
....,.... 
. . . : 6 6 6 5 . . q . . .  
..... 
. . . . .  :::- 
, l .  
6.7 
6.61,) 
a 1 1  r i  
1 '  I: 
4.6r1 
. 6 i 2 ~ r  
.3.2 
6.2 
- ; ,  . 
1 .grn. rock phosphate R 2 No. 4570 with .323 gm. total phosphoric 
acid; 1 gm. rock phosphate R 3, No. 4479 with .306 gm. total phos- 
' oric acid. Planted corn April 10, harvested June 16, 1911. 
Seconcl crop; sorghum: added 1 gm. ammonium nitrate. Planted 
513. sorghum 4552 June 26, harvested August 30, 1911; 4586 plantez 
~ u l y  25, harvested October 17; 4587 planted July 25, harvested Sep 
temher 30. 
8 ~ r i e s  48. Soils 2342, 2348, 5095, 5701, 6885. Weight 5 kg. pel 
pot. Additions: 1 gm. each ammonium nitrate and potassium sul 
phate; 8 gms. excrement No. 3258 containing .0864 gm. phosphoric 
acid; 0.5 gm. acid phosphate 24828, containing .Or72 gm. availablt 
phosphoric acid; 0.5 sm. phosphate rock (R) ,  containing .I53 gm 
total phosphoric acid. 
First crop; corn. 1913. Planted 5 grains corn 2.0-2.2 gms. on soil 
2342, 2348, and 5095 on April 24; 57'01 and 6885 on June 18, har 
vested on June 26, 1913. 
Second crop; sorghum. Added 1 gm. each ammonium nitrate .an( 
potassium sulphate. Planted 2342, 5?01 July 8, harvested Septemhe 
13. 1913; planted 2348 July 8, liarvested September 5 ;  planted 509 
July 10, l~arvested September 4, 1913; planted 6885 on July 8, ha1 
vested September 5, 1913. 
Third crop; corn: Added 1 gm. each potassium sulphate and am 
monium nitrate. Planted April 16, harvested June 18, 1914. 
Fourth crop; sor.ghum: Added 1 gm. each potassium sulphate an 
ammonium nitrate. Planted July 8, harvested September 5, 1914, e> 
cept No. 2342; which was harvested September 21, 1914. 
DESCRIPTION O F  SOILS. 
The analyses of the soils are given in  Table 11. 
844. Raywood, Liberty County; E. C. Carlyle, collector; rice soi 
852. Orange, Orange County; black, heavy soil; rice soil. 
1956. Between College and Bryan, Brazos County; Kyle's farm 
sand. . 
TABLE 11. COMPOSITION OF YUILY. 
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2342. IJufkin fine sandy loam; Titus County; 0"-8"- , Winsfielc 
Route 2; collector, T. D. Rice; 16 miles west of town, s ~ u t h  of creel 
north of road in field near fence, east and west lane leading to Daphn 
north of White Oak Creek; fairly productive, but uncultivated; level 
poor drainage; light brown color; hard to cultivate in  wet years, an( 
soil bakes in dry years; produces one-third to one-half bales cotton, o 
15 to 20 bushels of corn. 
2348. Norfolk fine sandy loam; 0"-10"; Titus County; 5 mile 
southeast of Mt. Pleasant, one-half mile from south Daingerfield road 
W. T. Edwards' farm; land only fair; has run down due to  constan 
cropping of cotton; rolling, good drainage; light brown color; easik 
handled in  wet agd dry seasons; produces one-fourth to one-third ball 
cotton, or 15 to 20 bushels corn; sample taken on slope which is some 
what eroded and soil is poor from careless farming. 
2377. Cherokee County, Jacksonville; J. B. JIcRnight, Route I 
gray sandy soil; in cultivation 15 years. 
2378. Orangehurg fine sandy loam (probably) ; Cherokee County 
C. D. Jarret's farm near Dialville; red color, sandy; cultivated sinct 
1885; box sample while in  room No. 8 completely saturated with sul 
phur water from leak in drain trough. 
2409. Off-4"; tJefferson Count*; Roelemoy Bros., Nederland; sur 
face soil ; upland ; perfect drainage ; Foil holds moisture well ; produce! 
2800 pounds rice, 800 corn. 
2829. Wilson clay; 5"-36" ; Grayson County; J. T. Bryant's place 
one-ltdf mile southwest Pittsburg ; no rocks in  pmall sample. 
2831. TVilson clay loam ; 10"-36" ; Grayson County; J. T. Bryant': 
place, one-half mile southeast' Pittshnrg; 4 per cent. gravel. 
3333. Houston loam; 0"-10"; McLennan County; J N. Worthy's 
place, four and one-half miles from Waco; good soil, upland, rolling 
prairie; light brown color  sandy; suffers from drouth; cultivated since 
1882 ; small area on farm ; no green crop, no manure ; occurs in small 
patches throi~gh the Susquehanna fine sandy loam;' cotton and corn 
chiefly grown; produces 25 to 30 bilshels of corn, or one-half to three- 
fourths bales of cotton. 
3652. Norfolk fine sand; 0"-12"; Lee Count?; Louis Gest's place, 
two miles west of Lexington : corner of roads; not in cultivation; packs ; 
does not wash. 
3653. Norfolk fine sand; 12"-24" ; subsoil to 3652. 
3654. Orangeburg fine sand; 0"-12" ; Lee County; Louis Gest's 
place, two miles west of Lexington; 25 years in cultivation; does not 
pack ; good ; nitrogenous rolling soil ; holds moisture ; produces 20 bush- 
els of corn. one-half bale of cotton, or 100 bushels of potatoes. 
3656. Orangeburg fine sand? loam; 0"-12"; Lee County, Louis 
Gest's place, two miles east of Lexington; holds moisture well; does 
not craclr on drving; no clods; 25 years in cultivation; have used barn- 
y a d  manure with good res~xlts; produces 25 bushels of corn, 2 tons of 













a"- A -  
3975. Lufkin fine sandy loam; 12"-24" ; subsoil to 39'74; brown to  
black clay loam. 
4582. Subsoil lo 4581; 18"-20" to 30"-33" ; light color; sandy; 
Henderson County; J. K. Camp's place, Chandler; no hard lumps, 
nnifcrrn, mixed ground and roots. 
4.586. Subsoil to 4585. 8"-20"; S. B. Blair's place, Jlarquez; light 
brownis11 red color; clay ; lumps lighter than rest; hard ; not uniform. 
458'7. 0"-6"; Denton County; T. B. Breeding's place, four and one- 
half miles S. E. Argyle; surface soil, poor upland, rolling; good drain- 
;ht color; sandy; no good in  wet seasons; stands drouth well ; 
t pack, crack, or wash dirt onto i t ;  crumbles, washes; 30 years 
vation; used spade full of manure to hill of corn once and got 
aoutjle the yield; fertilizer from Experiment Station used last year; 
re cotton and peanuts; produces one-fourth bale of cotton. 
Soil 1956 mashed with strong HC1. 
Subsoil to 5700 ; 12"-24" ; Fort Bend County; Adam J. Eul- 
place, I<aty? Texas; yellowish gray; easy; uniform; no hard 
Subsoil to 6884; 12"-24" ; Duval County; W. R. Ring's place, 
itonio; sandy; uniform; no hard lumps. 
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I SUMMARY AND CONCLUSIONS. 
I 
I (1)  As pointed out by Hartwell, sufficient evidence has not been 
I presented to prove that manure affects the availability of rock phoe- 
phate to any decided extent. 
(2) The average recovery of phosphoric acid on 25 pot experiments 
for several crops is 48.222.2 per cent. The average recovery in  22 
experiments for the first crop is 30.6, compared with 47.3 per cent. 
for all the crops. 
1 ( 3 )  The average quantity of phosphoric acid removed from manure 
in 22 experiments is 39.2 per cent., compared with 37.9 for acid phos- 
phate in tJ?e Fame series. The manure has probably made some phos- 
phoric acicl of the soil available. 
I (4) The average recove? from acid phosphate when used with 
manure is less than for the acid phosphate used alone, perhaps due to ' 
the supplv exceeding the needs of the plants in  some of the tests. I ( 5 )  The average recovery of phosphoric acid from rock phosphate 
in 21  experiments is 9.1kl.1,  compared with 43.9t2.3 for acid phos- 
. 1 phate in the same experiment. Thus the phosphoric acid in rock phos- 
phate had about one-fifth the availability of that i n  acid phosphate in 
these tests, in which several crops were grown. 
(6) There are very decided variations in  the value of roc 
phate in  different soils. 
('7) If  the first crops groan are considered, and no others, phos 
phorie acid of acid phosphate has about six, times the availability o 
.that in rock phosphate. 
( 8 )  I n  19 pot experiments the recovery of phosphoric acid fron 
.rock phosphate alone vas 9.6k1.3 per cent., and for rock phosphate 
!with manure i t  was S.Gk1.2 per cent. after correction for  the phos 
phoric acid removed from tlie manure alone. The manure had nc 
' ,  effect upon the assimilation of pho~pho~:ic acid from rock phosphate i~ 
:these experiments. 
